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ORIGINAL ARTICLE
The influence of cuff size on blood 
pressure measurement
Cl Bakx1, C1 Oorlom ans1, H van don Hoogen1, C van W eel1 and T Thien2
1Ih'pavtuit'Dt of (¡m ora l  Practice an d  •'Department o f  Internal Medicina, University o f  Nijmegen, The 
N etherlands
The objective of the study was to determine the effect 
of the use of cuffs with different bladder sizes on the 
outcome of blood pressure (BP) measurements. Two 
sizes of bladders previously In common use In the study 
location (13* 23 cm and 16 x23 cm) were compared 
with the current size (13 • 36 cm). A fully randomised, 
experimental study was carried out on a study popu­
lation comprising 130 subjects (61 men, 69 women, 
aged between 22 and 70, mean 49) who were not 
undergoing special treatment for cardiovascular dis­
ease or hypertension at that time. The mean arm circum­
ference was 32.9 cm (range 25-40 cm). BP measure­
ments were carried out by one person, using a Hawksley 
random zero sphygmomanometer under standardised 
conditions. With the smallest bladder (13 x23 cm) the
highest systolic and diastolic BP was measured (mean 
SBP 127.2 mean DBP 77.0 mm Hg), followed by the blad­
der of 13 x 36 cm (125.1 resp. 75.4 mm Hg). The lowest 
BP was measured with the bladder of 16 x 23 cm (123.7 
resp. 74.4 mm Hg). Differences between bladders were 
significant for all arm circumferences. Over the entire 
range of arm circumferences in the present study there 
small systematic difference In the BP measure­
ments taken by the various bladder sizes. For individual 
readings the difference is less marked, in comparison 
to other factors that can affect BP measurements. How­
ever, In longitudinal studies a systematic error In BP can 
occur when measurements are made with different blad­
ders during the study.
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Introduction
Tint outcome of blood pressure (HP) measurements 
depends on a number of (actors, including numer­
ous biological and analytical sources of variation, 
Biological variations aro relativo to changes in the
individual, and are induced bv* for instant:«.
ft
emotions, day* anti uight-rhythm, seasons, meals 
and posture?. Analytical variations derive from the 
variability of the instruments used, from the stetho-
w
scope and tin» size of the inflatable bladder to 
observer bias, the hearing and eye, hand and ear co­
ordination. HP sounds must be accurately inter-it
preted in order In obtain a proper reading. In this 
study we have investigateti the influence of the blad­
der size on HP measurement, by keeping other fac­
tors as standardised as possible. In the early part of 
this century tint 'standard1 bladder had a width of 5
cm. Von Recklinghausen discovered, though, that a 
bladder with a width of 12 cm provided a better esti­
mate of the actual HP.* Later on Maxwell at aP con­
cluded that a 12 x 23 cm bladder, used in obese sub­
jects, gave higher HP measurements than a 15 x 33 
cm bladder. This different:« in measurement rose 
linearly with an increase in arm circumference and 
was 5.1 mm Hg systolic and 4.1 mm Ug diastolic
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with an arm circumference of 315 cm. The role of the 
bladder Umgth was not analysed separately. Sim p­
son at aP compared bladders with a length of 23 and 
35 cm and reported a lower BP measured with the 
long bladder, the difference being 4,2 mm Hg sys­
tolic: and 3.B mm Hg diastolic, independent of both 
bladder width and arm circumference. However, 
they investigated only a few obese subjects.
Variation in BP measurements caused by the use 
of different bladder sizes is particularly important 
for follow-up studies of BP. individual monitoring 
of BP is common practice in primary care, and may 
involve practice-based meters and meters used for 
home visits, As the cuff size of these meters may 
vary, the effect of the cuff size on BP variation is of 
more than theoretical importance in general prac­
tice.
Vartianen at aP Ai studied the changes in the main 
cardiovascular risk factors in Finland over 20 yuers. 
Using, at first, a cuff with a bladder length of 23 cm 
and late a 42 cm one, they argued that the decrease 
in BP over 20 years may be overestimated in obese 
subjects.
A survey (of which this study is a part) measured 
BP in a population of local, general practices. Most 
of these practices provided a 1 3 x 3 6  cm bladder, 
which follows the recommendation of the Dutch 
College of General Practitioners: a bladder of at least 
13 x 30 cm universal use.1' One of the study's objec­
tives was to correlate current individual BP to BP 
status from a 1U77 survow In that survey the use of
differential cuff size had been followed) a bladder oi 
13 x 23 cm for smaller arms and one of 16 x 23 cm 
for arms with a circumference above 35 cm.
In order to compare the current and 1977 BP 
values, we decided to assess the magnitude of the 
variation between BP measurements with different 
bladders under careful standardised conditions. In 
the light of the present recommendations we com­
pared the bladder of 13 x 36 with bladders of 13 x 23 
and 16x23  cm in some volunteers.
Subjects and methods
A fully randomised experimental study was perfor­
med, in which three bladders were used: 13x23 ,  
16x23 cm and 13x36  cm. After exclusion of three 
subjects with an irregular pulse and one with a coni­
cal arm, the study population consisted of 130 vol­
unteers: 52 patients from a general practice, 47 from 
an outpatients clinic and 31 subjects from a rec­
reation centre. It was planned to include one in 
three subjects with an arm circumference of 35 cm 
and greater. No patients were undergoing any spe­
cial treatment for cardiovascular disease or hyper­
tension. Participants had their upper arm circumfer­
ence measured on their right arm, exactly midway 
between acromion and olecranon, before being 
included in the study. Recruitment was continued 
until a proportional distribution of upper-arm cir­
cumferences between 25-40 cm had been achieved. 
To minimise any systematic influence due to the 
sequencing of bladder use, a randomisation scheme 
was performed, consisting of three blocks of one 
measurement with each bladder. Thus, BP was 
taken a total of nine times, three times with each 
bladder. BP was measured on the right arm with the 
patient seated. The patient’s arm was bare, unrestric­
ted by clothing, with the palm of the hand facing 
upward.7 The centre of the bladder was positioned 
directly over the palpated artery. Measurements 
took place in a quiet room, with a comfortable tem­
perature, without a telephone or other modalities 
for disturbance.
All BP measurements were carried out by one tho­
roughly trained investigator, using a Hawksley ran­
dom zero sphygmomanometer that was checked for 
accuracy before each measurement session. Training 
took place by simultaneous BP measurement with a 
Y-tube in the presence of two skilled doctors, a gen­
eral practitioner and an internist, both involved in 
BP research. All participants received an expla­
nation of the aim of the study and the importance 
of silence during the measurements.
Upon entering the room, the cuff with the first 
bladder selected was put on, and the subjects rested 
for 10 min before the first measurement was taken. 
Directly after that measurement the next cuff was 
applied, and this procedure was repeated until the 
last measurement. The cuff was inflated to a high 
pressure and the investigator waited a moment 
before deflating the cuff.
Statistical analysis
We used an analysis :of variance to look for differ­
ences between the bladders. By means of a paired
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Most the differences in HP measurements between 
ifferent bladders were assessed. The influence of
_  . . _ _ 4 .  a a  I
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age, sex, or height of BP on differences in measure­
ment was studied with analysis ul variance;, 1 ho 
SAS-program was used for statistical analysis, For 
assessing agreement between readings with dilierent 
bladders we used methods described by Bland and
Altman."
Results
The study group of the 130 subjects contained (il 
men and 69 women, aged between 22 and 70 (with 
a mean of 49). The mean arm circumference was 
32.9 cm (range 25-40  cm, SI.) 3.7). There were 51 
subjects (39%) with an arm circumference greater 
than 35 cm. Table 1 gives the mean BPs with the 
respective bladders, As seen from the table, there is 
a difference between the mean Bl’ measurements 
using the three bladders. These differences worn all 
statistically significant from each other as shown in 
Table 2. The highest BP values were obtained with 
the smallest bladder of 13 x 23 cm, followed bv I he*
1 3 x 3 6  cm bladder, and the lowest BP values were 
measured with the l( ix 2 3  cm bladder. Figure 
lshows the relationship between arm circumference 
and the systolic and diastolic BP for Ihe three blad- 
dors. There is an increase of the diastolic HP (DHP) 
for all bladders with increasing arm circumference, 
rising from about (H) mm Hg for the thinnest arms to 
about 80 mm Hg for the most obese arms. Although 
for the smallest bladder (13 x 23 cm) the increment 
is slightly greater than with the other bladders, the 
differences between the throe slopes of the 
regression lines were not significant. Systolic HP 
(SBP) rose from 120 mm Hg for the thinnest anus to 
about 130 mm Hg for the most obese arms. Also, for 
the SBP the slopes of the three regression lines wore 
not significantly different from each other. For both 
SBP and DBP the difference between the bladders 
16 x23  and 1 3 x 2 3  cm is the greatest. With the 
1 6 x 2 3  cm bladder the lowest HP was measured. 
The difference in systolic; and diastolic HP measure­
ments between the bladders, represented as a con­
tinuous variable, is shown in Figure 2. An analysis 
of variance showed no influence of age, gender or 
height of BP on the differences in HP values. Wo also 
investigated if there was a time period effect. In Fig­
ure 3 the three blocks of readings are shown in order 
of time of measurement, illustrating that there is 
only a small non-significant rise in DHP over time, 
independent of the bladder used.
Comparison of the 1 3 x 3 6  bladder with the 
13 x 23 and 16 x 23 cm bladders yielded the follow­
ing results (Figure 2): the difference between the 
1 3 x 2 3  cm bladder and the 13 x 3 0  cm bladder 
increased with arm circumference. For SBP the 
mean difference rose from 1,4 in the thinnest arms 
to 2.6 mm Hg for the most obese arms. For DHP the 
mean difference increased from U.H to 2.0 mm Hg. 
Regression analysis showed that the increase was 
not significantly dilferent Irom zero for both the sys­
tolic and the diastolic HP. The mean difference 
between the 1 6 x 2 3  and 13x3(i  cm bladders was 
small for the systolic as well for the diastolic HP.
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T able  '1 M ean (± t■3-d.) SBP a n d  DBP in m m  Hg w ith  different b lad d e rs  (n  = 130)
B ladder
13 x  36 cm 16X-23 cm 1 3 *  23 c m
M easurem en t 1 
M easurem en t 2 
M easurem en t 3
126.2/74.7 (20.1) (13.1) 
125.1/75.9 (19.2) (12.6) 
124.1/75.7 (19.2) (12.5)
123.5/73.2  (20.1) (13.1) 
123 .9 /74 .8  (19.7) (13.5) 
123.5 /75 .4  (20.4) (14.1)
128 .2 /76 .2  (20.7) (13.6) 
1 2 7 .2 /7 7 .2  (19.2) (13.2) 
126 .2 /77 .6  (18.8) (12.7]
M ean BP 125.1/75,4 (19.2) (12.4) 123 .7 /74 .4  (19.7) (13.2) 127 .2 /77 .0  (19.2) (12.8)
T able  2 M oan differences of SBP an d  DBP betw een  the th ree  
b ladders  (n = 130)
Difference m m  
(95% Cl)
Hg P-vaiue
DBP
IB x 23--13 x 36 c:m -0 .9 6 (-0.55 -1 .52) < 0.001
13 x 23*-13 x 36 cm +1,61 (1.05 2.19) < 0.0001
SBP
1 6 x 2 3 - -13 x 36 cm -1 .45 ( - 0.68 - 2 .22 ) <0.0003
1 3 x 2 3 - -13 x 36 cm +2.06 (1.40 2.76) < 0.0001
The difference in SBP decreased slightly with an 
increasing arm circumference from 2.4 for the thin­
nest arms to 0.9 mm Hg for the most obese arms, The 
difference in DBP rose from 0.7 to 1.1 mm Hg for the 
most obese arms. Regression analysis showed that 
the changes were not significantly different from
Discussion
In this carefully prepared, random ised study w e  
have determined the variation in BP measurements 
caused by the use of bladders of different sizes. As 
it was expected that the significance of variation 
w ould be related to arm circumference, the plan was 
to include at least one in three subjects w ith an arm 
circumference of 35 cm  or greater. This was achie­
ved, as 39% of our volunteers had an arm circumfer­
ence of that level. The highest BP was measured 
w ith the 13 x 23 bladder, the low est BP with the 
16 x 23 cm bladder, w ith  the intended standard 
13 x 36 cm bladder falling betw een the other two. 
We found a systematic difference throughout the 
whole range of arm circum ference with the highest 
pressures found in subjects w ith  the largest arm cir­
cumference, Though cuff sizes accentuated the dif­
ferences in increasing arm circumference, the 
regression lines of the three bladders were not sig­
nificantly different from each other. A lso3 in absol­
ute terms the differences were not very relevant
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Figure 3 SBP and  DBP w ith  different b lad d e rs  in re la tion  to the  
time period  of m easurem ent. Cuff 1 = 1 3 x 3 6  cm; Cuff 2 = 1 6 x 2 3  
cm; Cuff 3 = 13 x 23 cm.
when compared with the 1 3 x 3 6  cm bladder, not 
even for arm circumferences above 35 cm.
Most authors report a higher BP with a short, nar­
row bladder, in comparison with a long, wider blad­
der, but they differ in their opinion about the exact 
influence of arm circumference. Maxwell et ai2 com­
paring 13 x 23 and 15 x 33 cm bladders, reported a 
difference up to 3,2 mm Hg systolic and 2.4 m m H g  
diastolic in subjects with an arm circumference less 
than 34 cm. Khosla and Lowe9 found no direct 
relation between arm circumference and BP 
measurements and proposed an indirect influence of 
arm circumference, due to the correlation between  
weight and BP. Linfors et al10 (for 12*5x24 and 
14.5 x 37 cm bladders) found no difference in classi­
fying subjects with an arm circumference below 35
Figure 2 Difference in SBP an d  DBP b e tw een  the b ladders  16 x 23 
and  13 x 36 cm  (left figures) an d  13 x 23 a n d  13 x 36 cm (right 
figures) in  re la tion  to arm  circum ference. M ean  = m ean  of the 
differences, (a) Regression line w ith  /3 = 0.08 (-0.13 0.29); (b) 
regression line w ith  /3 = 0.01 (-0 .16 0.14); (c) regression line w ith  
P = 0.08 (-0 .10 0.26]; (d) regression line w ith  /3 = 0.10 (-0.05 0,25).
cm as hypertensive. For a larger arm circumference 
(35-49.5 cm) the 1 2 . 5 x 2 4  cm bladder yielded a 
greater prevalence of systolic  hypertension, w ithout 
m entioning precise num bers.10 They concluded that 
the 14.5 x 37 cm bladder c losely  approximates true 
BP. Sim pson and Sprafka reported a lower BP with  
the longer bladders w ithout an influence of arm cir­
cum ference.3,12 Sprafka pointed  to the underestim ­
ation of BP from use of a larger bladder than that 
recom m ended by the Am erican Heart A ssoci­
ation.11’'12 But van Montfrans et al13 found no such  
underestimation for a large bladder and recom m end  
a bladder of 14 x 38 cm for everyone that w ould give 
the best estimate of the intra-arterial BP, Comparable 
results were presented by Croft and Cruickshank14 
w ho pointed to the w id e  variability between read­
ings from the two cuffs, A ll these findings support 
the results presented in  this study.
Of special interest is the separate influence of 
length and width of the bladder, on w hich  only a 
few  studies are available. S im pson et al3 reported an 
on average 3 mm Hg low er systolic and diastolic BP 
w ith wider bladders. This is again in agreement with  
our findings where the low est BP was found using  
the bladder of 16 x 23 cm. This could  mean that 
bladder width, as w ell as length, influence the 
results of a BP m easurem ent, or even that in a given  
bladder w idth the length is becom ing less 
important. However, using a bladder w idth or 16 cm 
w ould require more extensive undressing by the 
patient, w h ich  w ou ld  hamper its practical value in  
daily practice.
The British H ypertension Society15 and the 
American Heart A ssociation11 both recom m end dif­
ferent bladders sizes for different arm circumfer­
ences depending on w hether the arms are lean, nor­
mal or obese. In the light of this, and other studies 
mentioned, there is no justification for these rec­
ommendations,
The challenge of BP m easurem ent in extremely 
lean or obese subjects warrants special comments. 
This study found a m axim um  m ean difference in 
SBP of 2.6 m m H g  and in  DBP of 2.0 mm Hg in the 
most obese arms, w h ich  was in the same range as 
M axwell et al.2 A lthough this sm all variation may 
be important in epidem iology, since there is a higher 
prevalence of hypertension in obese patients, the 
danger of m isclassification in  the very obese appears 
to be limited.
Our study was lim ited  to arm circumferences of 
25—40 cm, and our results cannot be extrapolated to 
leaner subjects as there may be som e underestim ­
ation of BP measured in this group. The available 
evidence, however, is contradictory. No effects of a 
bladder length encircling the arm for over 100% are 
reported,16 Although O ’Brien17 argued that over- 
cuffing could underestim ate BP in very lean arms 
w hich could lead to a potential m isclassification of 
truly hypertensives as norm otensives, there is not 
m uch evidence in the literature that a bladder 
encircling the arm over 100% induces underestim ­
ation. In that case w e should  have found in  our 
study an underestim ation of BP in subjects with arm 
circumferences betw een 25 and 30 cm, w hen m eas­
ured with the 1 3 x 3 6  cm bladder in comparison
443
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with the 13 x 23 cm bladder. So, there is little evi­
dence to suggest that the regression line that we 
found would essentially differ for smaller arm cir­
cumferences. O’Brien18 referred to the distribution 
of arm circumference in Ireland: mean arm circum­
ference of 30.2 cm with a s.d. of 4 cm. Our study 
was limited to arm circumferences of 25-40 cm and 
O’Brien’s data imply that our study would be rep­
resentative for a very large part of the population.
In the present study BP measurements were pre­
ceded by a 10-min rest period. Few other studies 
observed a standardised rest period before their 
measurements. The WHO advises a rest period of at 
least 5 m in,19 Van Loo et al20 have found a mean fall 
in SBP of 10 mm Hg after an interval of 25 min. They 
advise a uniform time-schedule for BP measure­
ments when studies are compared. Because of the 
10-min rest period one can assume that the compari­
son of different bladders took place in a stable 
phase. We found a small non-significant rise in DBP 
of measurement 1 to 3, whereas there was no change 
in SBP. Possibly, there was some influence due to 
changing the cuffs. On the other hand, one may con­
clude, because of the choice for a randomised 
design, that the results are not influenced in a sys­
tematic way. Thus, the changing of the bladders, the 
relatively short interval between readings and the 
high number of readings (nine) with possibly pain­
ful sensations have not led to visible errors.
In this study a Hawksley random zero sphygmo­
manometer was used. It is known that there is a sys­
tematic tendency to underrate both systolic and 
diastolic BP with this manometer, compared with 
the conventional mercurcy manometer.21,22 
Although the absolute BP values could be influ­
enced by the use of the Hawksley manometer, it is 
unlikely that the conclusions have been affected by 
measurement bias, because one investigator used 
one single manometer for all bladders and all read­
ings. The possible non-random distribution of the 
random zero values due to insufficient time for fill­
ing the diaphragm chamber of the Hawksley man­
ometer23 is not likely in this study because the 
investigator inflated the cuff to a high pressure and 
waited a moment before deflating.
We conclude that the size of the inflatable bladder 
of the cuff, as investigated in our study, is of minor 
importance for the interpretation of BP measure­
ments in comparison with other factors that influ­
ence BP measurements. This, in itself, is an 
important finding for primary care, where surveil­
lance of individual BP over time may involve more 
than one sphygmomanometer, and possibly differ­
ent bladder sizes. Misclassification, and consequent 
inappropriate treatment, w ill likely occur in only a 
few cases if different bladder sizes have been used 
in individual monitoring. Special attention should 
be given to those w ith BP variation around the cut- 
off points for hypertension diagnosis, and more 
measurements in that group may be preferred above 
overtreatment. In contrast, in longitudinal studies, 
in which changes in populations are investigated, 
there can be a systematic difference when BP is not 
measured with the same bladder. This problem can 
be expected for all arm circumferences, not just for
obese arms. For practical reasons, further stan­
dardisation of measurements could be achieved by 
recommending one bladder size of, for example,
13 x 36 cm, for standard use.
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